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1. Purpose

The purpose of this document is explain the cause of the Wild Fire events.
2. Scope

The data presented here points to bursts of xrays coming from the Van de Graaff as the cause for the Wild Fire events.
3. Definitions

3.1. Acronyms

DAQ
Data Acquisition system

EM2
Engineering Model 2 tower.

GASU
Global trigger ACD System Unit
GLAST
Gamma-ray Large Area Space Telescope

EGSE
Electronic Ground Support Equipment

LAT
Large Area Telescope.

LiF
Lithium Fluoride

NaI
Sodium Iodide

SLAC
Stanford Linear Accelerator Center in Menlo Park, California

TKR
Tracker

TBD
To Be Determined

TBR
To Be Reviewed

TEM
Tower Electronics Module

VG
Van de Graaff
3.2. Definitions

Mini-Tracker
Tracker with 4x and 4y layers of silicon in the EM2.
4. Applicable Documents

[1]

5. Description of the Equipment
The equipment is the EM2, TEM, and GASU with EGSE hardware and software for read out.  The VG or an AM241 source produces the xrays.
6. Description of the Meaurements
The Van de Graaff LiF target was placed near the front face of the horizontal EM2.  Data was taken to see the 17.6 MeV gamma from Li.  On the online display most events looked like cosmics (straight track in x and y with ~1 hit per layer).  However, approximately every tenth event  showed all 8 tracker layers hit with ~10 hits/layer.  The hits were scattered over ~2 inch width in both x and y views.  This column of hits corresponded to where the 2” diameter VG beam pipe was.

It had previously been measured that the VG produces a collimated beam of xrays with a  distribution peaked at ~100 KeV (Figure 1).
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Figure 1.  Germanium detector energy spectrum of the xrays produced by the Van de Graaff.  The peak at 60 keV is from an Am241 source that was briefly put near the Ge for an energy reference.

A Geiger counter recorded ~3 mr/hr directly in front of the VG target (and ~.75 mr/hr  9 feet downstream of the target).  If this were all due to 100 keV xrays, the flux of xrays would be 3500 /cm2-sec  which would produce ~1000 hits/sec in a 2” diameter area on the top layer of silicon (calculated graphs in Figure 2).  The transmission of a layer of tungsten (100 um) radiator is ~.4 at 100 keV as shown in Figure 3.
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Figure 2.  Flux of monoenergetic xrays corresponding to 3 mr/hr and the number of hits per second they would cause in a 2” diameter circle on the top layer of silicon.
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Figure 3.  Xray transmission of 100 um Tungsten versus energy.

Figure 4 shows all the silicon hits from a VG run.  The large white areas are dead ladders or GTFE chips. Layer 4 is at the front of EM2 near the VG target.  The width of the dark band is 2” and remains collimated all the way to layer 1.  It looks like the number of hits drops after each tungsten layer, by about a factor of 2 (this must be analyzed more accurately) which agrees with the calculated transmission (=.4) of 100 keV xrays.  When EM2 is moved over, the corresponding column of hits also moves over.
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Figure 4.  All silicon hits from a VG run.  The horizontal axis is strip number and the vertical axis is layer number.  The plotting program artificially spread the hits out in strip number (eg: all hits between 3.5 and 4.5 are from layer 4).  The W indicate which layers the tungsten radiators are between.

Figure 5 shows a plot of the rate of wild fire events versus Geiger counter reading at the target face.
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Figure 5.  Rate of wild fire events versus Geiger counter reading at the target face.  The VG beam current was decreased to decrease Geiger counter reading.

The expectation was that the flux of xrays from the VG was random in time.  If so, a singles hit rate of 1000 hits per second will cause an 80 hit accidental coincidence rate of only ~(103 Hz x 5 x 10-6 sec)80 x 106 Hz= 10-178 Hz, not the ~1 Hz rate seen on the event display (assuming a  tracker comparator stays high for ~5 usec for 100 kev of energy deposition).   In fact, if the calculation of xray flux were wrong and it was so high as to cause 80 hit accidental coincidences, then the cosmic ray events should have many extra xray hits in them.  However, the cosmic ray events are perfectly clean, showing only one hit/layer from the muons.  Thus it looked like the VG was emitting xrays in intense bursts of ~100 /usec at about a 1 Hz rate or that something was wrong with the tracker (eg: a uniform flux of xrays might cause the tungsten to charge up and periodically discharge).

In order to test the tracker at large xray fluxes, a .040 Curie Am241 source (60 KeV xrays) was placed at various distances from the front face of EM2.  Figure 6 shows the measured and calculated EM2 trigger rates.  No wild fire events were seen in the event displays, even for the ~100 Hz trigger rate which was much higher than the ~10 Hz trigger rate for VG+cosmics.
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Figure 6.  The colored curves are calculated EM2 trigger rate versus source distance for 40, 7, and 1 mC sources.  The 3 points are measured trigger rates (cosmic trigger rate subtracted).  The points suggest the source is 7 mC rather than 40 mC.   Perhaps there is unaccounted for absorber between the source and first silicon layer.

A NaI crystal was put 9 feet downstream of the VG target to see if any time or energy structure could be seen in the xray beam.  Whereas 3 mr/hr was measured at the target face, .75 mr was measured at the NaI crystal.   The NaI crystal covered the size of the xray beam as determined by the Geiger counter.  Any isotropic flux of 17.6 Mev photons from the LiF target falls off as the square of the distance and was thus down by a factor of ~81 at 9 feet compared to the ~1 Hz rate seen at 1 foot.  Figure 7a shows the energy spectra with the VG on (red)  and off (blue) for equal time runs.  Figure 7b shows the difference between the two curves. Between 2 and 50 Mev there is a statistically significant excess of VG on events.  Each of these events may correspond to a ~100 xrays x .1 Mev = ~10 MeV burst being integrated in the 300 nsec NaI electronics integration time.  These excess events are .92 Hz of rate, which roughly matches the rate of wild fire events (.6 Hz in Figure4).

Figure 8 shows time difference plots for various energy ranges.  No deviation from a Poisson straight line is obvious in any energy region.   Any bursting is thus coming randomly in time.  Figure 9 shows the FFT power spectrum for the 2 – 50 MeV events.  No peaks are seen which indicates the lack of periodic events.

7. Conclusion

The evidence points to the VG bursting ~100 xrays (~100 KeV each) at ~1 Hz mean rate as being responsible for the EM2 wildfire events.  Most of the 3500 /cm2-sec flux of xrays coming from the VG consists of single ~100 keV photons coming randomly in time.  However, ~100 xrays/sec clump together in <300 nsec (NaI integration time) wide bursts.

In addition, the Am241 source was shown to provide a large trigger rate that provides ~1 hit/layer to the data stream for each event.  Thus the source may be a good way to test the LAT at high trigger rates in lieu of cosmic rays in an airplane.
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Figure 7. a) The red curve is the NaI spectra for the VG on, and the blue curve is the equal time spectra for the VG off.  The events have been histogrammed in 20% energy bins.  b)  The difference (VG on – VG off) is plotted verses energy.  The error bars are calculated from the counting statistics of the two input spectra.  The sum of the blue points (2 to 50 Mev) divided by the run livetime = .92 Hz.
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Figure 8.  Time difference plots for events in three energy ranges.  The .8 msec DAQ deadtime does not allow events closer than .8 msec as can be seen in the first low bin of the first plot.
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Figure 9.  Leahy power spectrum of the 2 – 50 MeV data VG NaI data.
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